INTRODUCTION
Opportunities to study speciation in the wild are rare, but often begin by locating a geographically isolated population. Anchialine habitats are tidal saltwater bodies fed from the ocean through cracks and underground conduits (Holthuis 1973) and are well documented for supporting speciation and endemic populations (Humphreys et al. 2009 , Becking et al. 2013 , Dawson 2016 . In these isolated systems, animals often shift in body size from open populations, displaying either 'giantism' or 'nanism', depending on their evolutionary history and the selective forces acting on them (Gould & MacFadden Species diversity in the lake is low compared to surrounding marine systems (17 species from 15 families in the lake, 126 species from 50 families offshore), and except for a few larger fish that were stocked in the lake in the late 1970s, all invertebrate and vertebrate fauna are small, with few predators observed (Aronson 1985) . Finally, both the behavior and densities of brittle stars Ophiothrix oerstedii and octopus Octopus brierus inside the lake are extremely unusual, with significantly higher densities and diurnal behavior patterns observed compared to conspecifics outside the lake (Aronson & Harms 1985) . All lines of evidence suggest that the lake is biologically isolated from the ocean, with the exception of microscopic organisms travelling through the porous limestone.
Sweetings Pond is inhabited by an unusual population of seahorses, originally described as the longsnout seahorse Hippocampus reidi (Aronson 1985) . However, Rose et al. (2016) identified morphological characteristics that overlap with the sympatric lined seahorse H. erectus, while some features appear unique relative to both species. Lake seahorses have shorter tails compared to the torsos of H. erectus found in other regions (Rose et al. 2016) . In spite of their membership in different evolutionary subclades separated by millions of years, H. reidi and H. erectus readily hybridize in captivity, producing viable F 1 hybrids (Teske et al. 2004 , Ho et al. 2015 . To date, no evidence exists for wild hybrids of these 2 species. Given the overlap of their native ranges, the potential existed for this population to be H. erectus, H. reidi, a wild hybrid, or a new species. With the use of mitochondrial (cytochrome b) and nuclear genes (S7) to resolve the species, re search determined that although lake animals differ significantly in shape and size from both possible parent species, Sweetings Pond seahorses genetically cluster with H. erectus (Rose et al. 2016) .
In addition to a potential speciation event in this unusual lake population of seahorses, syngnathid fishes (seahorses and pipefish) are of critical conservation concern. All 42 species of seahorse are listed on the IUCN Red List (Lourie et al. 2016 , Short et al. 2018 , and international trade in seahorses is limited through their Appendix II status under CITES (Convention on International Trade in Endangered Species). Many causes of seahorse decline exist worldwide, including habitat loss, changes in predator density, decreases in water quality, and overfishing due to increasing demands for seahorses in traditional medicines and the aquarium trade (Vincent 1996 , Foster & Vincent 2004 , Martin-Smith & Vincent 2005 , Hughes et al. 2009 , Harasti et al. 2014a . The most significant threats to populations of syngnathids globally comes from their uncontrolled capture as bycatch in the shrimp fishing industry and bottom trawling (Baum et al. 2003 , Baum & Vincent 2005 . Few populations of syngnathids escape the impact of this widespread and devastating fishing pressure, which emphasizes why protecting this unique Bahamian seahorse population is so critical (Bell et al. 2003 , Martin-Smith & Vincent 2005 . H. erectus itself is identified as Vulnerable in the IUCN Red List (www.iucnredlist.org/details/10066/0). This isolated lake population represents a potential new management unit; thus, understanding the species' unique biology is critical to successful long-term management. In addition, new pressures on this population are developing. With ecotourism increasing as the site becomes publicized, rapidly expanding agriculture along the pond edge, and evidence of harvesting seahorses, octopus, crabs, and other animals, there is increasing pressure to protect the site at the national level.
Knowledge of wild population dynamics for H. erectus is limited and largely based on trawl data. Populations across its range have been described as extremely low density (0.0008 ind. m , Northern Gulf of Mexico, Florida, Stallings et al. 2014 ), even for seahorses, which have a mean density of 0.06 ± 0.021 for all species (Correia et al. 2018, H. Masonjones & E. Rose unpubl. data) . This low density has been attributed to the large number of trawls that did not contain seahorses, providing landscape-level densities rather than local population densities (Baum et al. 2003) . No studies have investigated temporal or spatial population dynamics in the wild on a smaller scale for H. erectus, with all previous studies using large-scale trawls to collect species information. Observed sex ratios have been mostly female-biased for this species, when reported (males:total = 0.38, Teixeira & Musick 2001; 0.42 Baum et al. 2003; 0.56 Dunham 2010) , with males significantly larger than females in 3 of 4 studies available (Teixeira & Musick 2001 , Baum et al. 2003 , Dunham 2010 , Anderson 2012 . Most seahorse species observed to date have even to femalebiased sex ratios and are monomorphic (Foster & Vincent 2004 , Moreau & Vincent 2004 .
This initial survey of a novel anchialine system aimed to determine the extent of the shallow water distribution of seahorses, focusing on the region of the lake with the most vegetation. The majority of seahorses studied to date prefer habitats with ample benthic structure (Harasti et al. 2014b , Gristina et al. 2015 , Woodall et al. 2018 . We investigated whether seahorse densities in Sweetings Pond were greater than those observed in other seahorse populations worldwide, predicting that densities would be elevated if few predators inhabited the wave-sheltered site. Although octopus are known predators of seahorses and are present in Sweetings Pond, octopus densities have decreased 40% in the last 34 yr, and few other seahorse predators exist in the system (Aronson 1985 , Harasti et al. 2014a . In addition to the density assessment, we describe the distribution of seahorses by size, sex, and reproductive condition across the watershed, to determine whether this unusual, isolated population of H. erectus exhibits sexual size dimorphism or distribution patterns different from those observed in seahorses found in other regions. Finally, we present evidence of a larger trend in morphological relationships related to the unique features of this population first presented in Rose et al. (2016) .
MATERIALS AND METHODS

Study area
The study location was a tidal saltwater lake located on the island of Eleuthera, The Bahamas (Fig. 1) . Field research was conducted with approval from the Bahamian government through the BEST Commission (Bahamas Environment, Scientific, Technology; separate approvals for 2014− 2016). In addition, all animal use protocols described were approved under University of Tampa AUP #2018-1.
Across seasons, the lake demonstrated a typical subtropical marine system (see Table 1 ). For each sampling event, the following environmental parameters were measured: salinity (Vee Gee A366ATC refractometer), air and water temperatures (°C), nitrite (ppm), nitrate (ppm; Tetra Easy Strips test strips), pH (Hanna pHep pH meter), surface and midwater turbidity (NTU, Oakton T100 turbidity meter), and phosphate (ppm; Hanna Instruments HI 713-25). GPS coordinates of transects and environmental samples were recorded with a Garmin 78sc. Transect depths were taken at both ends (HawkEye H22FX) and ranged from 0.6−5.9 m, with a mean (± SD) depth sampled of 1.93 ± 1.04 m. 
Sampling methods
The population biology of seahorses was assessed 4 times between , in March and July 2014 , August 2015 , and Feb/March 2016 , and separated into wet and dry seasons (wet season: May through October; dry season: November through April). Sampling in the lake was organized into 5 zones, with 5−7 belt transects (30−60 m 2 ) repeated in each zone each season, and a total area sampled of 5390 m 2 across 118 transects. Within zones, transect locations were established to provide coverage of a broad range of habitat types, by pre-selecting locations on a map prior to sampling to obtain maximum spatial coverage of the region. Habitat types ranged broadly across the benthos, with 56% of area surveyed bare sediment/flocculent and other areas dominated by either algae like Laurencia spp. or Caulerpa sertularioides as dominant vegetation types (overall algae coverage 39%; 9 species of algae identified). The remaining 5% was comprised of bivalve reef, corals, anemones, sponges, cyanobacteria, tunicates etc. (J. Curtis-Quick & H. Masonjones et al. unpubl . data) and were measured during the 2014− 2016 study period at 1 m intervals along 30 m transects using photo quadrats and 25 randomly generated points for each photo. Once at the pre-selected sampling location, a waypoint was taken and the 30 m transect tape was laid by swimming along the surface following a random angle from that central point. Transects sampled were limited to the shallow (0.5−6 m) edges of the lake due to limitations in dive tank fills on the island. In addition, during preliminary survey dives conducted as part of the benthic assessment in study planning, fewer seahorses were observed in the deeper parts of the lake where the community is dominated by bivalve reef with occasional and sparse vegetation and a maximum depth of 13.3 m. Zones were consolidated to North (Control, Caves, Emmas) and South (Quarry, Grouper Cave) locations to investigate patterns on a gross spatial scale.
Belt width was 1 m during the dry season in 2014, because during the initial sampling event covering a larger area was prioritized over local distribution patterns. After the initial sampling period, belts were almost exclusively 2 m wide, with occasional sampling constraints such as belts that contained too many seahorses to be able to process them all on the available air. For each animal encountered in the belt, the time, their location on the transect (distance and either left or right side of tape), depth, sex (male, female, or juvenile), and reproductive status (gravid or non-gravid) were documented. Animals were photographed in situ for identification of their preferred holdfast, and then photographed against a 1 cm grid held in place with a piece of optically clear plexiglass to keep them in the proper orientation for consistent photographs, and finally replaced on their original holdfasts.
Photo analysis
Seahorses were photographed twice on each side of the body, with one photo for whole body size measurements and the second for a close-up of the head, with the minimum resolution of images being 12 megapixels. Images were used to confirm reproductive information, including sex (male, female, juvenile) and reproductive condition. Females were documented with or without orange eggs showing through the body wall, while males were either with or without embryos, with rough embryo stage indicated by either orange showing through the pouch wall (early gravid) or eyespots showing through the pouch wall (late gravid). Size at maturity was determined by identifying the smallest males carrying embryos and the smallest females with hydrated, orange eggs observed through the body wall (Vincent 1990 , Masonjones 1997 . ImageJ (version 1.50d) was used to measure snout, head, torso, tail lengths, and body width in mm following the procedure of González et al. (2014) .
Statistical analysis
Results of statistical tests were considered significant at p < 0.05. Environmental variables were assessed to determine differences by zone and between locations from either the north (Control, Caves, Emmas) or south (Quarry, Grouper Cave) ends of the lake. Animal distribution was analyzed by zone and season. Seahorse densities were analyzed by dividing the number of seahorses observed per area in m 2 surveyed for each transect. Overall density was calculated both on a landscape level (all transects surveyed for seahorses) and a local scale (only transects where seahorses were ob served). Landscape-level densities were analyzed using a generalized linear model (GLM) in R Studio, using an underlying quasi-Poisson distribution comparing animal density across zone (Control, Caves, Emmas, Quarry, Grouper Cave) and season (wet and dry), in addition to location (north and south) and season, because the variable could not be transformed to normality due to 18 transects with zero seahorses (n = 118 total transects). Sum of squares model selected in R was Type III, using the 'car' library.
Local population density (adults and juveniles on non-zero transects) was not normally distributed, and standard data transformations did not achieve normality. Data were analyzed using a nested GLM in R Studio, using an underlying quasi-Poisson distribution comparing local density across location (north and south) and season. Adult density (calculated as the number of sexually mature adults observed on a transect divided by the area sampled [in m 2 ]; n = 100 transects) was also not normally distributed; variables were square-root transformed and achieved normality, with equal variances displayed in the transformed variable for zone and season. A 2-way ANOVA was performed with zone and season as factors using a Student's t-test to determine post hoc differences between groups. Zones were collapsed to north and south locations to investigate patterns of both adult and overall population density on a gross spatial scale along apparent physically divergent habitat lines.
Sex ratio was investigated by zone and season, calculated as the ratio of males to total adult animals seen at that transect. Sex ratio was not normally distributed and had unequal variances across all grouping variables. As a result, a series of Wilcoxon tests were performed with appropriate Holm-Bonferroni sequential corrections (Holm 1979) . In addition, deviation from an equal sex ratio was investigated using a series of Wilcoxon signed-ranks tests, testing each for a deviation from a mean sex ratio of 0.5. The frequency of male reproduction was calculated as the ratio of gravid males to all males observed in the population. Contingency table analyses were conducted to identify potential associations between zone/location/season and the distribution of animals by sex (juvenile, female, male), reproductive category (juveniles, females without/with hydrated eggs, males without/with early embryos/with late embryos), and male reproductive status (not gravid/gravid).
Total body length was not normally distributed, and thus differences were investigated with a nested GLM in R Studio, using an underlying quasi-Poisson distribution comparing animal density across zone (Control, Caves, Emmas, Quarry, Grouper Cave) and season (wet and dry), in addition to location (north and south) and season, using sum of squares model 4 (type III) selected in R. Female and male body lengths were log 10 transformed to achieve normality. Variances were equal for log-transformed body lengths across zone and season. Body dimension variables were analyzed using discriminant analysis comparing the snout length, head length, trunk length, and body width (measurements described in González et al. 2014 ) between males and females, to determine the amount of sexual dimorphism in this species. Morphological variables were analyzed by sex for equal variances using Bartlett's test (all p > 0.05), to verify the assumption of homogeneity of variance− covariance matrices.
Morphological variables analyzed in Rose et al. (2016) with an independent sample of 90 seahorses from the Caves site only were explored with the larger data set of animals in the present study to determine if the species-specific trends identified previously were supported with the larger data set. Animals were measured using the same techniques as outlined in Rose et al. (2016) , and were statistically compared to the morphological measurements provided for Hippocampus reidi (Brazil population, n = 23), H. erectus (Tampa Bay, eastern United States, n = 42), and initial Sweetings Pond H. erectus samples used previously (n = 90). Individuals were excluded from comparison if they were smaller than the size at maturity for males and females, determined using published age at maturity data for the species or populations involved. For H. reidi, a Brazil population of animals was used to determine differences, and animals > 90.2 mm were considered to be adults, calculated from sites with more than 10 seahorses (see Table 2 ), from the height of smallest males with a pouch (Rosa et al. 2007 , Mai & Velasco 2012 . For oceanic H. erectus, Gulf of Mexico/Tampa Bay adult animals were > 90 mm (Dunham 2010) . For Sweetings Pond H. erectus, adult females were > 61 mm and males > 65 mm (present study). Significant factors from Rose et al. (2016) were analyzed using discriminant analysis comparing the head length, trunk length, tail length, and body width with discriminant analysis across populations (with variables analyzed for equal variances using Bartlett's test, all p > 0.05). In addition, the ratio of trunk length to tail length and head length to trunk length was compared across populations, to determine whether Sweetings Pond animals have significantly larger heads than these other seahorse populations (a ratio closer to 1 would indicate a longer head relative to the torso). Because of violations in either normality or equal variances, Kruskal-Wallis tests followed by Wilcoxon multiple comparisons were performed to compare body ratios. All statistics, unless otherwise indicated, were performed in JMP Pro v.11.2, with the assumption of normality tested using ShapiroWilk tests and equal variances with Levene's tests.
RESULTS
Environmental patterns of Sweetings Pond
Water temperatures varied predictably with season, and also showed significant variation across zone during the dry season (2-way ANOVA, F 9,100 = 32.90, p < 0.0001; season by zone, F 4,100 = 15.29, p < 0.0001; Tables 1 & 2) . Surface turbidity differed overall, but only significantly by lake zone (2-way ANOVA, F 9,100 = 3.86, p < 0.001). Midwater turbidity varied significantly by zone and season, with significant interaction effects (2-way ANOVA, F 9, 70 = 4.22, p < 0.001; season by zone, F 4, 70 = 4.55, p = 0.002). Salinity also varied significantly across the watershed (2-way ANOVA, F 9,100 = 14.81, p < 0.0001), by zone, season, and with significant interaction effects (F 4,100 = 30.59, p < 0.001). Overall, salinity was higher in the south end of the lake compared to the north, and predictably higher in the dry season. In addition, pH was significantly higher in southern sites compared to the north (2-way ANOVA, F 9, 95 = 8.14, p < 0.0001), but with no variation seasonally. Nitrate and nitrite were zero across season and zone, but phosphate was slightly but not significantly higher in the dry season (Wilcoxon, χ 2 95 =2.717, p = 0.099).
Seahorse density patterns
Overall landscape-level seahorse density was 0.142 ± 0.013 ind. m −2 across 118 transects. In total, 18 transects surveyed had no apparent seahorses, and thus the non-zero local transect density was 0.185 ± 0.0146 ind. m . Landscape-level density differed significantly by both location (GLM, χ 2 1 = 4.61, p = 0.032) and season (χ 2 1 = 8.76, p = 0.003), with no interaction effect (p = 0.87) and no effect investigating the relationship with density by zone (Fig. 2) . Density was 73.5% higher overall during the wet season, and 147% higher in the north compared to the south end of the lake.
Local-level adult seahorse density differed significantly (nested GLM, χ 2 1 = 173.40, p < 0.0001), both by location and season, but with no significant interaction between the 2 variables ( Table 2 ). Adult densities were 44.1% lower in the dry season than they were in the wet season. However, when the local density of the entire seahorse population was considered lakewide comparing northern to southern densities, density differed significantly overall (2-way ANOVA, F 3, 96 = 8.14, p < 0.0001), with both seasonal and location differences (Table 2 ). Overall population densities were 40.1% lower in the dry season (n = 36 transects) than in the wet season (n = 64 transects), and 48.8% lower in the south portion of the lake (n = 24 transects) than in the north (n = 76 transects).
Seahorse sex ratios
Sex ratio did not vary across zones, locations, or seasons (Wilcoxon test, all p > 0.05). However, sex ratio overall was 0.58 ± 0.03 (n = 94 transects), which indicated a strongly male-biased population that differed significantly from the expectation of 0.5, representing an even number of males and females (Wilcoxon test, χ 2 93 = 2.56, p = 0.009; Fig. 3 ). When calculated across all transects excluding immature fish below the breeding size threshold, sex ratio across the watershed was 0.62 (n = 233 females and 379 males). When the deviation from an equal distribution by sex was investigated spatially and seasonally, both northern transects and wet season transects significantly differed from an even sex ratio, with both northern transects and wet season transects displaying male-biased sex ratios (Table 2) .
Seahorse frequency by location and reproductive roles
No association between location in the lake and gender was detected ( (Table 2) . A significant association was detected between the frequency of reproduction in males by zone, with a higher proportion of breeding males observed in Caves than the other zones (contingency table analysis, χ 2 1 = 13.97, p = 0.007; Fig. 4) . This difference did not translate to a north−south pattern, however, with similar frequencies of breeding males in the north and the south (Table 2) . Seasonally, there was a higher proportion of gravid males than non-gravid males observed in the 
Bahamian seahorse morphometric analyses
Animals ranged in size from 27.9−152.3 mm (mean = 90.2 mm, n = 697 animals). The smallest size at which females displayed ripe eggs was 61 mm, and for males carrying embryos it was 65 mm (reproductive maturity; Table 3 ). Body length across the population differed significantly (GLM, χ Tables 2 & 3) . Seasonally, animals were substantially larger (7.9 mm) during the wet compared to the dry season. Body sizes in the 3 northern sites (Control, Caves, Emmas; global F 3, 693 = 14.86, p < 0.0001; location: F 1, 689 = 4.09, p = 0.043) were 11.3 mm smaller during the wet season than those from the southern sites (Quarry, Grouper Cave, season: F 1, 689 = 28.99, p < 0.0001; season × location: F 1, 689 = 7.29, p = 0.007), with no differences detected in the dry season.
Males and females differed significantly in body length, seasonally and spatially, with no interaction effects (3-way ANOVA, F 19, 666 = 4.38, p < 0.0001; Table 3 ). Males were 4.8% longer than females, and this was consistently observed across season and zone. Comparing the body dimensions of males and females using a discriminant analysis indicated they differed significantly ( Fig. 5 ; Wilks lambda test, λ = 0.697, F 5, 559 = 48.70, p < 0.0001) and were non-overlapping, with 76.07% of animals correctly classified by sex. This difference appears to be driven by differences in tail length and body width, because those were the only means that varied between males and females.
Female body size was right-skewed, with females ranging from 43.7 to 151.6 mm (mean = 89.02 ± 1.21 mm). Female body size differed significantly across variables (2-way ANOVA on logtransformed body length, F 9, 260 = 2.64, p = 0.006; Table 3), with larger females observed in the wet season but no size difference observed by zone and no interaction observed between zone and season. Females with hydrated eggs visible through the body wall were significantly larger than females without visible eggs and juvenile females (1-way ANOVA, F 2, 266 = 44.92, p < 0.0001; Student's t-test with multiple comparisons, all p ≤ 0.01).
Male body size was also right-skewed, with males ranging from 58.9 to 152.3 mm (mean = 94.2 ± 0.799 mm). Male body sizes differed across zone and season (2-way ANOVA on log-transformed body lengths, F 9, 386 = 5.26, p < 0.0001; Table 3), with significantly larger males in the wet season and a significant interaction effect (F 4, 386 = 2.78, p = 0.027). Gravid males were 2.93% larger than non-gravid males (F 1, 391 = 15.37, p = 0.0001), with males overall 7.8% larger in the wet than the dry season, but 8.5% smaller in the northern sites than the south (north: 92.04 ± 0.850 mm, n = 339; south: 99.89 ± 2.078 mm, n = 57).
Population-and species-level morphometric analyses
A discriminant analysis indicated that mean centroids (95% confidence region) for the 4 populations/species were significantly different and nonoverlapping, with 77% of animals correctly classified Table 4 ). When comparing trunk to tail ratios, the Sweetings Pond seahorses had more evenly proportioned trunk to tail ratios (0.78 Caves location [Rose et al. 2016] and 0.76 [present study] for all locations), unlike the other Hippocampus erectus (0.66) and H. reidi (0.59) samples, which were much more tailbiased (Tables 2 & 4 ; Kruskal-Wallis, χ 2 3 = 107.02, p < 0.0001, all groups significantly different from one another, Wilcoxon test, all p < 0.005). Head to trunk length ratios significantly differed between populations as well (Kruskal-Wallis, χ 2 3 = 84.04, p < 0.0001); however, ocean populations of H. erectus and H. reidi did not differ from each other (Wilcoxon test, p = 0.58; present study Sweetings Pond vs. Rose et al. (2016) Sweetings Pond, p = 0.017; all other comparisons p < 0.005). As a result of the differentiation in the various sites across the lake, both trunk to tail and head to trunk ratios differed significantly between the Sweetings Pond seahorses from the present study and the previous samples which had been collected solely from the Caves site. Because of differences that were detected in morphological traits and ratios by sex (Fig. 5) and differences in the number of males and females by zone, with only one zone represented in the previous study, the presence of non-overlapping samples between original Sweetings Pond samples and the present study was to be expected.
DISCUSSION
This study found that the Sweetings Pond Hippocampus erectus population is both robust and dynamic compared to worldwide seahorse populations (mean worldwide natural density, 0.06 ± 0.021 animals m −2 ; H. Masonjones & E. Rose unpubl. data), known H. erectus populations in the Gulf of Mexico (Baum et al. 2003 , Masonjones et al. 2010 , Stallings et al. 2014 , and seahorse abundance estimates from Aronson (1985) in Sweetings Pond in 1982. In this latter study, which focused on the region of the lake near our Emmas site, seahorses were described as 'rare', seen less than once per dive. In our estimates in the region, seahorses would now be classified in Aronson's scale as 'abundant', with 2 of the 4 highest transect seahorse densities observed in the lake (0.53, 0.52 animals m −2 , compared with the max. density observed, 0.67 animals m −2 , Caves site). This change across time is most likely explained by the fact that in the early 1980s, Sweetings Pond was surrounded by cattle farming, with evidence of eutrophication in the water column and extensive die-offs of benthic algae and oyster reef structures, creating a void in critical habitat for seahorses (Young 1966 , Aronson 1985 , Aylesworth et al. 2015 . Viable habitat coverage has since recovered in the lake, potentially contributing to the increase in seahorses observed in the present study.
Adult H. erectus densities were high across the lake and in a range of habitats, in spite of the significant spatial heterogeneity in habitats across the zones of the lake (J. Curtis-Quick & H. Masonjones et al. unpubl. data) . This indicates that adult seahorses at least are using a range of habitats, which will be investigated further in ongoing habitat preference studies. When the entire population of seahorses was assessed, however, the population density was found to be 48% lower in the south end of the lake. The addition of juveniles to the population totals indicates a higher concentration of smaller animals, and thus evidence of more reproduction in the northern end of the lake, consistent with the higher number of gravid males in that region. Dry season densities were smaller than those observed in the wet season for both adults and the entire population considered together; thus there is support for a strong seasonal component to seahorse population dynamics. Although overall body sizes were larger in the summer, when analyzed seasonally and spatially, body sizes for the north end of the pond were observed to be significantly smaller during the wet season, also supporting the hypothesis that there is more reproduc- Ta ) for adult seahorses in the present study (n = 551), original Caves site Sweetings Pond seahorses (Rose et al. 2016, n = 90), Florida Gulf Coast H. erectus (n = 36) , and H. reidi from Brazil (Ho et al. 2015, n = 22) tion occurring in (or more offspring recruiting to) the north end of the lake. Larger sizes overall during the summer months could also provide evidence for a seasonal migration of adults to deeper water, as seen in other syngnathid species (Lazzari & Able 1990 , Monteiro et al. 2006 . Recent surveys deeper than 5 m found a lower density of adult animals and sparse vegetation at deeper depths, and as a result, our future studies will include deeper depths in seasonal surveys to determine if larger adults are moving deeper during colder months. Studies of seahorses globally indicated that populations are substantially lower in density than observed in the present study (H. Masonjones & E. Rose unpubl. data) . Although maximum densities reported are occasionally higher than those observed for H. erectus in Sweetings Pond, such as known high-density populations of H. guttulatus in the Algarve lagoon, Portugal (Curtis & Vincent 2005 , Correia et al. 2015 , mean densities across the lake are at least an order of magnitude higher than all other seahorse populations described to date (H. Masonjones & E. Rose unpubl. data) . In addition, some studies present seahorse densities for non-zero samples only, reporting only local densities rather than also including landscape densities that include transects with zeros (summarized in Foster & Vincent 2004) . Focal studies also typically report higher densities of seahorses compared to studies using random transects or seining approaches, because focal studies are typically conducted in areas previously identified to have high local seahorse densities (H. Masonjones & E. Rose unpubl. data) . Seahorse density in other populations has also been reduced by habitat destruction, overharvesting for traditional medicines, non-selective fishing gear, higher natural predator densities, and a multitude of other factors (Foster & Vincent 2004 , Vincent et al. 2011 , Harasti et al. 2014a ).
An additional highly unusual feature of the present population of H. erectus was the consistent observation of male-biased sex ratios over time and space (0.58), with no differences observed by zone, location, or season. Male-biased populations have rarely been observed in other species (H. capensis, Bell et al. 2003; H. whitei, Clynick 2008 ), which consistently demonstrate even to female-biased sex ratios (H. Masonjones & E. Rose unpubl. data). This pattern was strongest for northern populations during the wet (summer) season, with an observed sex ratio of 0.62 (0.39). This finding is consistent with the observation of a smaller fraction of males carrying embryos in the north during the summer. If males are in excess in this population, then relatively fewer females are available for mating, thus leaving some males potentially without mates in this hypothetically monogamous species (Jones & Avise 2001 , Wilson & Martin-Smith 2007 , Woodall et al. 2011 . With males in excess, there may be stronger sexual selection driving the sexual size dimorphism observed in the population, a process observed in other species (Jones et al. 2000 , Sefc 2008 , Flanagan et al. 2014 , McCullough et al. 2018 . Male Sweetings Pond seahorses overall have been observed to be 4.8% larger than females, with this size difference strongest between gravid and non-gravid males (3% size difference). This may be driven by the longer tails of males, a sexually dimorphic trait observed in H. erectus and other seahorse species (Bell et al. 2003 , Anderson 2012 . It is possible that there is higher natural selection on females (higher mortality), but since food is not limiting in this system (H. Masonjones & R. Waggett unpubl. data), it is unclear what factors may be responsible. Female seahorses carrying hydrated eggs were larger than females without this visual cue, and it is possible that egg production is a limiting factor for females, causing differential mortality between the sexes, and consequently males being larger simply because they are older.
Finally, this population strongly deviated from the size and shape of other populations of H. erectus studied. They appear to mature at roughly 20−45 mm smaller than other H. erectus populations throughout the species' range (Table 3) (Silveira & Silva 2016) and achieve smaller terminal sizes overall (152 mm, present study; 161 mm, Dunham 2010; 202 mm, Baum et al. 2003) . Facultative dwarfism among Octopus brierus was observed in the pond; a paired study of octopus from the pond raised in the laboratory indicated that animals raised in the pond were significantly smaller, and octopus from the pond were generally smaller than those observed elsewhere in the Caribbean (Aronson 1985) . Maturing at a smaller size with smaller overall body sizes can be associated with intense predation or overexploitation (de Roos et al. 2006 ), but higher temperatures, crowding, and resource limitation can also contribute (Aronson 1985) . Bergmann's Rule suggests that decreasing latitude and thus increasing temperature is associated with smaller overall body sizes (Fisher et al. 2010) . Sweetings Pond is a shallow body of water, and therefore will experience a higher range of temperatures in comparison to the surrounding ocean.
Summer monitoring of ocean and Sweetings Pond water temperatures in 2016 for a separate project indicated that lake temperatures were 1°C higher at the north end and 1.5°C higher at the south than immediately offshore, and all were substantially higher than Gulf of Mexico water temperatures during the same period, so temperature could play a strong role in the evolution of smaller body size in this lake population (H. Masonjones unpubl. data). Bergmann's Rule has been confirmed for genera in the same family as seahorses, although not in seahorses themselves, hypothesized to be because of differences in mating systems between multiplemating pipefishes and monogamous seahorses (Wilson 2009) .
Smaller body size in this lake population cannot be completely considered dwarfism or nanism because seahorses' heads appear to have remained large, with the allometric relationship shifted between the head, body and tail. Across island and insular population examples, dwarfism is associated with a range of selective pressures, including low pH, high predator densities, the presence of larger competitors, and low food availability (Lomolino 2005 , Herczeg et al. 2009 , MacColl et al. 2013 , Rollins 2017 . This system displayed low predator densities in the early 1980s, but with the consistent addition of young grouper and snapper by the local fishing community since that time, and limited harvesting of crabs, it is possible that predation shifted body sizes downward. In addition, it is unclear whether the octopus in the system are predators on seahorses, as they are in other systems (Harasti et al. 2014a ). The decoupling of head size from overall body size could indicate stabilizing selection on head size, possibly due to mating preferences or prey size availability. In syngnathid fishes, fecundity in females and brooding capacity in males scales with body size, associated with preferences by males and females for larger mates, which translates consistently into size-assortative mating patterns (Jones et al. 2003 , Kvarnemo et al. 2007 , Naud et al. 2009 ). Preference for larger mates would theoretically lead to larger body sizes overall (Rosenqvist & Berglund 2011 , Bahr et al. 2012 , not observed in this population. However, opposing natural selection for smaller body size and sexual selection for larger body size could favor the decoupling of head and overall body sizes, leading to the change in allometry in this population from other known H. erectus populations. A more probable cause for the shift in head allometry is prey size and availability, correlated with changes in head shape and feeding apparatus changes across insular populations from a range of species (Herrel et al. 2008 , Lillywhite & McCleary 2008 , Lamichhaney et al. 2018 . Longer snouts in seahorses, translating to longer heads, is associated with reduced time to reach distant prey, balanced by decreasing the flow velocity through the longer snout (Roos et al. 2010 , Manning et al. 2019 . Although currently unknown, this unusual lake ecosystem may have a range of prey that favors longer snouts, stabilizing head size. Future studies will investigate these patterns.
The results from this study show that the seahorses inhabiting this isolated saltwater lake are distributed at a density consistently higher than most known seahorse species observed. Although they genetically cluster with H. erectus, these animals have significantly shorter tails and longer heads than other populations of the species (Rose et al. 2016 , present study), and both mature 22−40% smaller than Tampa Bay and larger Gulf of Mexico populations of H. erectus (Baum et al. 2003 , Dunham 2010 , Silveira & Silva 2016 , and have smaller terminal body sizes. Given these differences, their geographic isolation, and their small range size, they should be considered a separate management unit for the purposes of conservation and protection. Future research will focus on determining their potential status as a separate subspecies using molecular techniques to investigate the genetic mechanisms underlying local adaptation, potential patterns of allele fixation, and will test for a depletion of heterozygosity in this isolated population. From a genetic perspective, this collection of seahorses represents a unique opportunity to study a population that has a large amount of phenotypic variation yet has no gene flow from outside the lake. In a previous study using RADseq genomic techniques to determine population structure of the lined seahorse, Boehm et al. (2015) found 3 distinct subpopulations that were genetically divergent and isolated by distance across the range of H. erectus. Other syngnathid populations have shown substantial population structuring at low spatial scales, with geographic isolation leading to genetic differences between populations (Boehm et al. 2013 , Fedrizzi et al. 2015 , Mkare et al. 2017 ), so it is highly possible that, given the strong evidence of geographic isolation in this population, they will have accrued genetic differentiation.
Sweetings Pond is a highly unique site of global importance due to the high density of seahorses inhabiting the lake. Potential risks exist for this isolated population, including agriculture on the pond edge expanding at a rate of more than 2 ha yr −1 (H. Masonjones unpubl. data), increasing tourist pressure, and seahorse harvests, making rapid action critical to ensure their persistence into the future. Any threats that lead to the degradation of benthic habitat or water quality in the lake will have serious implications for this isolated population, as shown in other seahorse species around the world (H. reidi, Aylesworth et al. 2015; H. whitei, Harasti 2016; H. guttulatus, Caldwell & Vincent 2012) . The Sweetings Pond seahorse population provides the opportunity to study the evolution and conservation biology of a seahorse population shortly after the colonization of a novel, isolated habitat. We advocate for its immediate protection and encourage future conservation governance to consider the findings of this paper to guide the management and, in particular, tourism of the lake. For example, the timings and locations that visitors could access should be guided by the seasonal and spatial use of gravid males to avoid negatively impacting reproductive success of the seahorses. This population is unique because it is not threatened by trawling pressures and can serve as a control population for studying growth, aging, and reproductive dynamics to compare with the behavior of populations with more depressed numbers due to anthropogenic change. Seahorses are declining glo bal ly (Vincent et al. 2011 , Harasti 2016 , Lourie et al. 2016 , and The Bahamas has a rare opportunity to protect a large number of seahorses in a relatively small geographic area, thus making an important contribution to the conservation of this vulnerable genus.
